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From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF ELECTION 

(PCT Rule 61.2) 


To: 

Commissioner 

US Department of Commerce 

United States Patent and Trademark : 

Office, PCT 

2011 South Clark Place Room 

Arlington, VA 22202 
ETATS-UNIS D'AMERIQUE 

in its capacity as elected Office 


Date of mailing (day/month/year) 
15 May 2001 (15.05.01) 




International application Na 
PCT/SEOO/01670 


Applicant's or agent's file reference 
P11140/KBN:GT 


International filing date (day/month/year) 

31 August 2000 (31.08.00) 


Priority date (day/month/year) 

01 September 1999 (01.09.99) 


Applicant 

FINGAL, Lars et al 



1. The designated Office is hereby notified of its election made: 

I X j in the demand filed with the International Preliminary Examining Authority on: 
30 March 2001 (30.03.01) 

I j in a notice effecting later election filed with the International Bureau on: 



2. The election | X | 

□ 



was 
was not 



made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 



The International Bureau of WlPO 


Authorized officer 


34, chemin des Colombettes 


Athina Nickitas-Etienne 


121 1 Geneva 20, Switzeriand 


Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 



Form PCT/IB/331 (July 1992) 



SE0001670 



INTERNATIONArSEARCH REPORT 



mten 



itemadonal application No. 

PCT/SE 00/01670 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC7: D04H 1/46 

According to Internanonal Patent Classification (IPC) or to both nalionai daarificadon and IPC 



B, FIELDS SEARCHED 



Minimum documentation searched (classification system foUowed by dassificaiian symbols) 

IPC7: D04H 



Documentation searched other thin minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,NO classes as above 



Electronic data base oonsuhed during the tetemational search (name of data base and. where practicable, search terms used} 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category' 



atation of document, with inificatioa. where appr«qiriate, of the rdevant passages 



Rdevantto claim No. 



US 3485706 A (F.J. EVANS). 23 Oecenber 1969 
(23.12.69) 



DE 4013946 Al (HOECHST AG), 31 October 1991 
(31.10.91) 



US 5286553 A (K. HARAGUCHI ET AL). 
15 February 1994 (15.02.94) 



1-17 



1-10 



11-17 



□ 

Further documents are listed in the continuation of Box C. j See patent family annex. 



A' 



Speaal caiegoties of cited documents 

document defining the general state of the art ;*^ch is not considered 
to be of panaciilar relevance 

earlier application or patent but ptiblished on or after the intemaxiGnal 
filing date 



document which may throw doubts on priority claim(s) or Wach is 
dted to establish the publicacton date of another citation or other 
^edai reason (as specified) 

'O" document rcfcning to an oral disclosure, use. exhittnon or other 



*P* document pubtished prior to the international filing date but lata* than 
the priority date daimed 



^ later document published alter the international filing date or pnonty 
date and not in coailict with the ^spUcatxon but dted to understand 
the prinople or theory undal>ing the invention 

"X' document of particular relevance: the daimcd invennon cannot be 
considered novd or cannot be considered to involve an inventive 
step when the document is taken alone 

"y document of particular rdevancc the daimcd invcniion cannot be 
conadered to involve an inventive step when the document is 
5 "f"^^*^ °ne or more other such documents, such combinaQon 
being obvious to a person skilled in the art 

'Se' document member of the same patent family 



Date of the actual completion of the intemationai search 
24 November 20QQ 



Date of mailing of the intemationai search report 



03 -oi- 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. 8 666 02 86 



Authorized officer 



Christer Wendenius / MRo 

Telephone No. ^ 46 8 782 25 00 



Form PCT/ISA/210 (second sheet) (July 1998) 




IN-nERNATlON^ SEAUCH REPORT 
Informadoa on pateat family members 




Form PCT/15A/210 (pateat famUy annex) (July 1998) 



ANKOM 
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From the 

INTERNAT-ieWAb-PREL:H\/IINARY EXAMINING AUTHORITY 



To: 

AKERMAN. Marten 
Albihns Malmo AB 
P.O. Box 4289 
S-P03 14 Malmo 
SUEDE 


PCT 

NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 

(PCT Rule 71.1) 


Date of mailing 

(day/month/year) 30.10.2001 


Applicant's or agenf s file reference 

P11140/KBN:GT 


IMPORTANT NOTIRCATTON 


International application No. 
PGT/SEOO/01670 


International filing date (day/month/year) 
31/08/2000 


Priority date (day/month/year) 
01/09/1999 ^ 


Applicant 

SCA HYGIENE PRODUCTS AB et al. 



1 . The applicant is hereby notified that this International Preliminary Exannining Authority transmits herewith the 
intematlonal preliminary examination report and its annexes, if any, established on the international application. 



2. A copy of the report and Its annexes, if any, is being transmitted to the International Bureau for communication 
to all the elected Offices. 



3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of the 
report (but not of any annexes) and will transmit such translation to those Offices. 



4. REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article 
39(1)) (see also the reminder sent by the International Bureau with Form PCT/IB/301). 



Where a translation of the international application must be furnished to an elected Office, that translation must 
contain a translation of any annexes to the international preliminary examination report. It is the applicant's 
responsibility to prepare and furnish such translation directly to each elected Office concerned. 



For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the 
PCT Applicant's Guide. 



Name and mailing address of the IPEA/ 



European Patent Office 
D-80298 Munich 

Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 



Authorized officer 
Abadie, N 

Tel.+49 89 2399-2746 



Form PCT/IPEA/416 (July 1992) 



#^TENT COOPERATION TRE#Y 

PCT 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
P11140/KBN:GT 


criD CI iD-rucD a r^-rtrs Notification of Transmittal of International 

FOR FURTHER ACTION Preliminary Examination Report (Fomn PCT/IPEA/416) 


International application No. . 
PCT/SEOO/01670 


International filing date (day/month/year) 
31/08/2000 


Priority date (day/month/year) 
01/09/1999 


International Patent Classification (IPC) or national classification and IPC 
D04H1/46 


Applicant 






SCA HYGIENE PRODUCTS AB et al. 





1 . Tliis international prellnrilnary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant acxjording to Article 36. 



2. This REPORT consists of a total of 4 sheets, including this cover sheet. 

Kl This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 2 sheets. 



3. This report contains indications relating to the following items: 

I S Basis of the report 
Priority 

Non-estabiishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations suporting such statement 



II 


□ 


III 


□ 


IV 


□ 


V 


IS 


VI 


□ 


VII 


□ 


VIII 


□ 



Date of submission of the demand 
30/03/2001 


Date of completion of this report 
30.10.2001 


Name and mailing address of the international 
preliminary examining authority: 

^ European Patent Office 
D-80298 Municli 

Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 


Authorized officer 

Lanniel, G (f }) 

Telephone No. +49 89 2399 2062 \*2wo;,^ 



Fomn POT/IPEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/SEOO/01 670 



I. Basis of the report 

1. With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are refenred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70, 16 and 70. 1 7)): 
Description, pages: 



1-17 as originally filed 
Claims, No.: 

17 as originally filed 

1-16 with telefax of 17/10/2001 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless othenvise indicated under this Item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation fumished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation fumished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
International preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the International application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 



Form PCT/IPEA/409 (Boxes l-VIII, Sheet 1) (July 1998) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/SEOO/01 670 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. 



Statement 



Novelty (N) 



Yes: 
No: 



Claims 
Claims 



1-16 



Inventive step (IS) 



Yes: 
No: 



Claims 
Claims 



1-16 



Industrial applicability (lA) 



Yes: 
No: 



Claims 
Claims 



1-16 



2. 



Citations and explanations 
see separate sheet 



Form PCT/IPEA/409 (Boxes l-VIII, Sheet 2) (July 1998) 



INTERNATIONAL PRELIMINARY International application No. PCT/SEOO/01 670 

EXAMINATION REPORT - SEPARATE SHEET 



The invention relates to a method for manufacturing a nonwoven by hydroentangling 
where the flexural rigidity of the fiber components used does not limit the degree of 
entangling, and consuming less energy. The invention relates to the nonwoven fabric 
thus produced. 

This result is achieved by raising the temperature at the very moment of entangling, so 
it is possible to reduce the flexural rigidity of the fibers and achieve a higher degree of 
entangling. During the hydroentanglement, the polymer fiber is imparted a temperature 
which is equal to or exceeds the glass transition temperature for the polymer fiber and 
below its melting point. 

US-A-3 485 706 discloses a method for hydroentangling polymer fibers. There is no 
disclosure that the polymer fibers to be hydroentangled are heated to a temperature 
between the glass transition temperature and the melting point.ln order to cause fibers 
to undergo shrinkage, there is a treatment with hot water but after the 
hydroentanglement step. 



Form PCT/Separate Sheet/409 (Sheet 1) (EPO-Apri! 1997) 



r 



0 1 MAR 2002 
CLAIMS 

1 . Method of hydroentaagling polymer fibers to manufacture a nonwoyen fabric, 
characterized ia that the polymer fiber, at the moment of hydroentangting, is 

5 imparted a traiperature dqual to or exceeding the glass transition temperature 
(Tg) of the polymCT fibec and being less than the melting point of the polymea: 
fiber. 

2. Method according to claim 1, characterized in that the polymer fiber has an 
10 inidal modulus > 50 cN/tex, at room temperature, 

3; Method according to claim 1, characteiized in that the polymer fib^ has an 
initial modulus > 100 cN/tex, at, room temperature. 



15 4. Method according to cldm 3. characterized in that the polymer fiber has an 
initial modulns of 100 - 2000 cN/tex, especially 500 - 1500 cN/tex, more 
particularly 200 - 750 cN/tex, and even more particularly 250 ~ 600 cN/tex, at 
room temperature. 

20 5. Method according to any of claims 1-4, characterized in that the temperature 
is achieved with the aid of hot or supnheated water. 

6. Method according to any of claims 1-4, characterized in that the temperature 
is achieved with the aid of IR-heat. 

25 

7. Method according to any of claims 1—4, characterized in tibat the temperature 
is achieved with the aid of microwaves. 

8. Method according to any of claims 1—7. characterized in liiat the polymer 
30 fibcar has a ^ass transition temperature (Tg) of > 20°C. 



AMENDED SHEET 




9. Method according to any of claims 1 - 8» characterized ia that the polym^ 
fiber has a glass transition temperature (Tg) of 20 - 100^*0, especially 50 - 70^C. 

5 10. Method according to any of claims 1-9, characterized in that ttie polymer 
included in die polymer fibers comprises polyester, polylactic acid , polyamide 
or polypropylene, or copolymers or mixtures thereof . 

( 

11. Hydroentangled nonwoven fabric, obtainable by the method of any of claims 1- 
10 10 comprising polymer fibers, characterized in that the polymer fibers in the 

( nonwoven fabric have a glass transition temperature (Tg) of 20.* lOO^C and an 

initial modulus of 200 - 750 cN/tcx at room temperature, 

12. Nonwoven fabric according to Claim 11, characterized in tliat the polymer 
IS fibers in die nonwoven fabric have an initial modulus of 250 - 600 cN/tex at 

room temperature. 

13. Nonwoven fabric according to any of claims 11 --12^ characterized in that the 
polymer fibers in the nonwoven fabric have a glass transition temperature (Tg) 

20 of50-70°C. 

• 14. Nonwoven fabric according to any of claims 11-13, characterized in that the 
nonwoven fabric has a bulk specific volume of > 8 cm^/g. 

25. 15. Nonwoven fabric according to claim 14, characterized in diat the nonwoven 
fabric has a bulk specific volume of 8 — 15 cm^/g, especially 10 — 15 craVg. 

16- Nonwoven fabric according to any of claims 1 1- 15, characterized in that the 
polymer included in the polymer fibers comprises polyester, polylactic acid , 
30 poly-amide or polypropylene, or copolymers or mbctures thereof. 



AMENDED SHEET 

Pmn^ one 07 o i + 17 . Ok f . 1 A ! 91 



I RECORD 



PCX 



REQUEST 



The undersigned requests that the present 

international application be processed 
according to the Patent Cooperation Treaty. 



Name and address: (Family name followed by given name; for a legal entity, full official 
designation. The address must include postal code and name of country. The country of the 
address indicated in this Box is the applicant 's State (that is, country) of residence if no State 
of residence is indicated below.) 

^ SCA HYGIENE PRODUCTS AB 
5-405 03 GOTEBORG 
Sweden 


1 1 This person is also inventor. 


Telephone No. 


Facsimile No. 


Teleprinter No. 


State (that is, countty) of nationality: 

Sweden 


State (that is, country) of residence: 

Sweden 



• For receiving Office use only 



PCT/SEOO / 0 1 6 7 0 

International Application No. * 



International Filing Date 



2000 -08- 3 1 



The Swedish Patent Office 
PCT International Application 



Name of receiving Office and "PCT International Application" 



Applicant's or agent's file reference 
(if desired) (12 characters maximum) 



P11140/KBN:GT 



Box No. I TITLE OF INVENTION 

FIBER BONDING 



Box No. n APPLICANT 



This person is applicant 
for the purposes of: 



I j all designated 



States 



r~~j all designated States except 
I X j the United States of America 



□ the United States 
of> 



r America only 



□ the States indicated in 
the Supplemental Box 



Box No. Ill FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) 



Name and address: (Family name followed by given name; for a legal entity, full official 
designation. The address must include postal code and name of country. The country of the 
address indicated in this Box is the applicant 's State (that is, country) of residence if no State 
of residence is indicated below.) 

FINGAL, Lars 
Uddevallaplatsen 12 
SE-416 79 Gi3TEB0RG 
Sweden 



This person is: 

I I applicant only 

[ X| applicant and inventor 

I I inventor only (If this check-box 
^ is marked, do not fill in below.) 



State (that is. country) of nationality: 

Sweden 



State (that is, country) of residence: 

Sweden 



This person is applicant I I all designated | | all designated States except FTTi the United States 
for the purposes of: l—J States L_J the United States of America LiJ of America only 



□ the States indicated in 
the Siipplementai Box 



I I Further applicants and/or (further) inventors are indicated on a continuation sheet. 



Box No. IV 



AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



The person identified below isbfavRbyyhas been appointed to act on behalf 
of the applicant(s) before the competent International Authorities as: 



I X I agent | | common representative 



Name and address: (Family namefollowed by given name: for a legal entity, full official 
designation. The address must include postal code and name of country.) 

See Supplemental Sheet (No, 3 ) 



Telephone No. 

+46 40 705 40 



Facsimile No. 

+46 40 611 96 89 



Teleprinter No. 



□ Address for correspondence: Mark this check-box where no acent or common representative is/has been appointed and the 
space above is used instead to indicate a special address to which correspondence should be s ent. 

Form PCT/RO/101 (first sheet) (July 1998; reprint July 2000) See Notes to the request form 



Sheet No. 



PCT/SEOO/01670 
31-08-2000 



Continuation of Box No. HI FURTHER APPLIC ANT(S) AND/OR (FURTHER) INVENTOR(S) 

If none of the following sub-boxes is used, this sheet should not be included in the request 



Name and address: (Family name followed by given name; for a legal entity, Jull official 
designation. The address must include postal code and name of country. The country of the 
address indicated in this Box is the applicant 's State (that is, country) of residence if no State 
of residence is iruiicated below.) 

STRALIN, Anders 
Andalen 95 
SE-423 38 TORSLANDA 
Sweden 



This person is: 

I I applicant only 

I X I applicant and inventor 

[ I inventor only (If this check-box 
is marked, do not fill in below.) 



State (that is, country) of nationality: 

Sweden 



State (that is, country) of residence: 

Sweden 



This person is applicant 
for the purposes of: 



□ all designated 



States 



□ all designated States except 
the United States of America 



the United States 
I ^ I of America only 



□ the States indicated in 
the Supplemental Box 



Name and address: (Family name followed by given name; for a legal entity, full official 
desijgnation. The address must include postal code and name of country. The country of the 
address indicated in this Box is the applicant 's State (that is, country) of residence if ho State 
of residence is indicated below.) 



This person is: 

I I applicant only 

I [ applicant and inventor 

[ I inventor only (If this check-box 
is marked, do not fill in below.) 



State (that is, country') of nationality: 



State (that is, country) of residence: 



This person is applicant 
for the purposes of: 



□ all designated r~| all designated States except 
States " " * 



I I the United States of America 



□ the United States 
of America only 



□ the States indicated in 
the Supplemental Box 



Name and address: (Family name followed by given name; for a legal entity, full official 
designation. The address must include postal code and name of country. The country of the 
address indicated in this Box is the applicant 's State (that is, country) of residence if no State 
of residence is indicated below.) 



This person is: 

I I applicant only 

I I applicant and inventor 

I I inventor only (If this check-box 
' is marked, do not fill in below.) 



State (that is, country) of nationality: 



State (that is. country) of residence: 



This person is appHcant 
for the purposes of: 



j j all designated 



I States 



all designated States except 



I the United States of America 



□ the United States 
of America only 



□ 



the States indicated in 
the Supplemental Box 



Name and address: (Family name followed by given name; for a legal entity, full official 
desi^ation. The address thust include postal code and name of country. The country of the 
address indicated in this Box is the applicant 's State (that is, country) of residence if no State 
of residence is iruiicated below.) 



This person is: 
I I applicant only 

I I applicant and inventor 

I I inventor only (If this check-box 
is marked, do not fill in below.) 



State (that is, country) of nationality: 



State (that is, country) of residence: 



This person is applicant 
for the purposes of: 



□ all designated I I all designated States except 
States I I the United States of America 



□ the United States 
of America only 



□ the States indicated in 
the Supplemental Box 



I I Further applicants and/or (fiirther) inventors are indicated on another continuation sheet. 



Form PCT/RO/101 (continuation sheet) (July 1998; reprint July 2000) 



See Notes to the request form 



Sheet No. .3 



PCT/SEOO/01670 
31-08-2000 



Supplemental Box If the Supplemental Box is not used, this sheet should not be included in the request. 



1. If. in any of the Boxes, the space is insufficient to furnish all the information: in such case, write Continuation of Box No. ... '* 
[indicate the number of the Box] and furnish the information in the same manner as required according to the captions of the Box in which 
the space was insufficient, in particular: 

(i) if more than two persons are involved as applicants and/or inventors and no '^continuation sheet " is available: in such case, write 
"Continuation of Box No. Ill " and indicate for each additional person the same type of information as required in Box No. Ill: The 
country of the address indicated in this Box is the applicant 's State (that is, country) of residence if no State of residence is indicated 
below; 

(ii) if, in BoxNo. II or in any of the sub-boxes of Box No. Ill, theindication *^he States indicated in the Supplemental Box" is checked: 
in such case, write "Continuation of Box No, 11" or "Continuation of Box No. Ill" or "Continuation of Boxes /Vo. Hand No. Ill" 
{as the case may be), indicate the name of the applicant(s) involved and, next to (each) such name, the State (s) (and/or. where 
applicable, ARIPO, Eurasian, European or OAPl patent) for the purposes of which the named person is applicant; 

(Hi) if in Box No. II or in any of the sub-boxes of Box No. HI, the inventor or the inventor/applicant is not invento r for the purposes 
of all designated States or for the panoses of the United States of America: in such case, write "Continuation of Box No. 11" or 
"Continuation of Box No. Ill" or "Continuation of Boxes No. fl and No. Ill" (as the case may be), indicate the name of the 
inventor(s) and, next to (each) such name, the State(s) (and/or, where applicable, ARIPO, Eurasian, European or OAPI patent) for 
the purposes of which the named person is inventor: 

(iv) if in addition to the agent(s) indicated in Box No. IV, there are further agents: in such case, write "Continuation of Box No. IV" 
and indicate for each further agent the same type of information as required in Box No. IV; 

(v) if in Box No. V. the name of any State (or OAPI) is accompanied by the indication "patent of addition, " or "certificate of addition, " 
or if in Box No. V, the name of the United States of America is accompanied by an indication "continuation or "continuation- 
in-part ": in such case, write "Continuation of Box No. V" and the name of each State involved (or OAPI), and after the name of 
each such State (or OAPI). the number of the parent title or parent application and the date of grant of the parent title or filing 
of the parent application; 

(vi) if in Box No. VI. there are more than three earlier applications whose priority is claimed: in such case, write "Continuation of 
Box No. Vl" and indicate for each additional earlier application the same type of information as required in Box No. VI; 

(vii) if in Box No. VI, the earlier application is an ARIPO application: in such case, write "Continuation of Box No. VI ", specify the 
number of the item corresponding to that earlier application and indicate at least one country party to the Paris Convention for 
the Protection of Industrial Property or one Member of the World Trade Organization for which that earlier application was filed. 

2. If with regard to the precautionary designation statement contained in Box No. V, the applicant wishes to exclude any State(s ) from 
the scope of that statement: in such case, write " Designation (s) excluded from precautionary designation statement " and indicate the 
name or two-letter code of each State so excluded. 

3. If the applicant claims, in respect of any designated Office, the benefits of provisions of the national law concerning non-prejudicial 
disclosures or exceptions to lack of novelty: in such case, write "Statement concerning non-prejudicial disclosures or exceptions to lack 
of novelty " and furnish that statement below. 

Continuation of Box No. IV 



AKERMAN, Marten; 
KITZLER, Michael 
LINDBERG, Olle 
BERGMAN, Kerstin 
MANNERLOF TENNING, Marie 
DANFELTER, Maria 
LINDAHL, Dan 
RUTER, Viveca 

c/o Albihns PatentbyrS Malmb AB 
P.O. Box 4289 
5E-203 14 MALMO 
Sweden 



Form PCT/RO/IOI (supplemental sheet) (January 2000; reprint July 2000) 



See Notes to the request form 



Sheet No. 



PCT/SEOO/01670 
31-08-2000 



Box No.V DESIGNATION OF STATES 



■ The following designations are hereby made under Rule 4.9(a) (mark the applicable check-boxes: at least one must be marked): 
Regional Patent 

H AP ARIPO Patent: GH Ghana, GM Gambia, KE Kenya, LS Lesotho, MW Malawi, MZ Mozambique, SD Sudan SL Sierra Leone 
SZ Swaziland TZ United Republicof Tanzania, UG Uganda, ZW Zimbabwe, and any other State which is a Contracting State 
of the Harare Protocol and of the PCT * 

ffil EA Eurasian Patent; AM Armenia, AZ Azerbaijan, BY Belams, 

RU Russian Federation, XJTajikistan, TM Turkmenistan, and any other State which is a Contracting State of the Eurasian Patent 
Convention and of the PCT 

la EP European Patent: AT Austria, BE Belgium. CH and LI Switzerland and Liechtenstein, CY Cyprus, DE Germany 
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FIBERBINDNING 



10 



TEKNISKT OMRA 
Uppfinning€ 

fibertyg samt fiberty 
Enligt uppfii 



ymerfibrer till ett 



iroentangling, varvid 
verstiger polymer- 
fibems smalttempe- 



fibrema i hydroentar 
fibems glasomvandii 
ratur. 



15 

UPPFINNINGENS I 

Att tillverka tyger och vavar ar kant sedan lang tid tillbaka, Forutom de 
valkanda metodema, vavning, stickning och virkning finns numera ett stort antal 
metoder for framstallning av fibertyg eller s.k. non-wovenmaterial. SSdana material 

20 kan tillverkas av saval syntetiska fibrer som naturfibrer. En del metoder utnyttjar 
hog varme for att smalta samman fibrema, s. k. termobindning. 

Det finns ocksa andra bindningsmetoder som t. ex. "stitch-bonding" och 
hydroentangling eller spunlacing. Hydroentangling eller spunlacing ar en teknik som 
introducerades pa 1970-talet. Metoden innebar att en fiberbana bildas, antingen en 

25 torrlagd sadan eller en vatlagd, varefter fibrema entanglas, dvs. trasslas samman 

med hjalp av mycket fina vattenstralar under hogt tryck. Flera rader av vattenstralar 
riktas mot fiberbanan som uppbars av en rorlig vira eller trumma. Avslutningsvis 
torkas den entanglade fiberbanan. 



30 fibrer, som t. ex. syntetiska stapelfibrer, syntetiska kontinuerliga fibrer, stapelfibrer 

av regenererad cellulosa samt massafibrer. Exempel pa kommersiellt tillgangliga 

fibrer av regenererad cellulosa ar rayon, viskos och lyocell. 

Hydroentangling ar ett satt att binda fibrer utan att bindemedel eller binde- 

fibrer behovs. Hydroentanglat material eller spunlace-material av hog kvalitet kan 
35 framstallas till en rimlig kostnad och darvid till ett material som uppvisar h6g 

absorptionsform^ga, har goda mekaniska egenskaper och har en hog textil komfort. 

De anvandes bl. a. som avtorkningsmaterial for hush&Usbruk eller industriellt bmk, 

som engangsmaterial inom sjukvSrd och for hygienbruk, etc. 



40 hjalp av hydroentangling ar att de ingaende fibrer som skall entanglas har f&r Snda- 
malet ratt egenskaper. 

En av flera kritiska faktorer ar fibems bojstyvhet = E x I, dar E ar fibems E- 
modul eller elasticitetsmodul och I ar troghetsmomentet. Troghetsmomentet ar en 



I hydroentanglade material anvands manga olika typer och blandningar av 



En forutsMttning fbr att en sammanv£lvd fiberbana skall kunna bildas med 
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5 sektionsstorhet (I=7rd4/64 for cirkulart tvarsnitt) som beror av fibems diameter. E- 
modulen ar saledes en materialparameter och denna Sr temperaturberoende. 

En styv fiber ar svarare att entangla och kraver mer specifik energi 
(kWh/ton) for att lata sig bindas an en mjuk fiber, vilket i sin tur begransar utbudet 
av fiberslag som ar tekniskt och kommersiellt intressanta att anvanda for denna 
10 teknologi. 

Fibrer gjorda av termoplastiska polymerer som t.ex. polypropen, polyester, 
polyamid ar vanligt forekommande vid hydroentangling. 

Egenskapema hos termoplastiska och andra syntetiska fibrer ar beroende av 
egenskapema hos den eller de ingaende polymerema och den utnyttjade processens 
15 beskaffenheter. Ofta kan polymerens egenskaper inte utn)4tjas fullt ut, utan en 
kompromiss maste goras av processtekniska skal. 

Det ar typiskt mycket svSrt att framstalla en fiber som ar mycket stark och 
samtidigt har en lag E-modul. Fibems styrka avgors till stor del av molekylkedjomas 
orientering, langd och inbordes attraktionskraft. Fibems hallfasthet och E-modul 
20 fbljer harvid samma tendens pS sa satt att en hog fiberstyrka samtidigt innebar en 
hog E-modul. 

I CA 841.938 beskrives fi-amstSllning av ett fibertyg genom hydroen- 
tangling varvid vatten under hogt tryck pressas genom en halfbrsedd barare och mot 
ett ark av en fibersuspension for att ge upphov till en intrassling av fibrema. 

25 WO 95/06769 beskriver en metod och en apparat for att astadkomma en 

smaltbindning och ev. en entangling av fibrer i en fibervav, t. ex. ett fibertyg eller 
s.k. non-woven. Harvid utnyttjas en angstrale eller en strale overhettad anga for att 
saval smalta som entangla fibrema. I det fall sadana stralar utnyttjas som normalt 
tillampas vid hydroentangling sa maste de vara tillrackligt varma for att smalta en 

30 smaltkomponent som har inforlivats i fibervaven. WO 95/06769 beskriver saledes 
ett fbrfarande, varvid en viss smaltning av en ingaende smaltkomponent alltid 
uppnas. Denna smaltkomponent kan antingen vara sjalva fibrema eller en tillsatt 
smaltkomponent i form av pulver eller granulat. Nigot forfarande for renodlad 
hydroentangling beskrivs ej. 

35 US 3,322,584 beskriver ett smaltbindningsforfarande for sammanbindning 

av tva plastvavar. Den beskrivna metoden kan ocksa utnyttjas for att sammanbinda 
tva lager plastfibrer, men Sterigen avses en smaltbindning och sMedes ar den ut- 
nyttjade temperaturen tillrackligt hog for att smalta trMama. 

US 5,069,735 beskriver en metod for kantsmaltning av avgransade dukar 

40 eller vavar i syfte att losa problemet med att dessa dukar normalt flockar av sig och 
ar olampliga att anvSndas t. ex. vid operationer. 
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5 US 3, 1 92,560 beskriver ett forfarande for att kontroUerat smSltbinda 

fibertr&dar med ett lampligt medium, t. ex. ^inga eller Sverhettad ^ga, varvid 
temperaturen halles kring eller strax under smalttemperaturen fbr fibertrddama. 

Ett problem med hydroentangling ar att de ingSende fiberkomponentema 
maste ha en bqjstyvhet sadan att fibrema later sig entanglas inom rimliga energi- 
10 nivaer. Detta innebar en begransning vad avser anvandbara fiberslag och medfor att 
tunna fibrer eller fibrer med lag E-modul maste anvandas, aven om fibrema i sig 
inte ar optimala for fiberflorets formering eller for det fardiga materialets fixnk- 
tionella egenskaper. 

Ett andamal med foreliggande uppfinning ar att astadkomma ett forfarande 
15 for framstallning av ett fibertyg genom hydroentangling, dar ingaende fiberkompo- 
nenters bqjstyvhet inte i lika hog grad som tidigare innebar en begransning for 
entanglingsgraden. 

Ett ytterligare andamal med foreliggande uppfinning Sr att Astadkomma ett 
forfarande som ger en potential jMmfort med dagens metoder vilken t. ex. kan ut- 
20 nyttjas till att tillverka fibertyg med grova fibrer, ge lagre energiforbmkning eller ge 
ett starkare tyg. 

Annu ett andamal med foreliggande uppfinning ar att tillhandahalla ett 
fibertyg med speciella egenskaper, s&som goda mekaniska egenskaper, hog bulk, 
m.m. 

25 

SAMMANFATTNING AV UPPFINNINGEN 

Vi har nu fiinnit att vi genom att astadkomma en temperaturhqjning i sjalva 
entanglingsogonblicket, kan sanka fibremas bqjstyvhet och uppna en hogre grad av 
intrassling. 

30 Vi har vidare funnit att det enbart ar i sjalva entanglingsogonblicket som en 

alltfbr hog E-modul ar en nackdel och genom att sanka E-modulen just vid sjalva 
hydroentanglingen for att darefter lata E-modulen aterga till den ursprungliga nivan, 
astadkommes ett satt och ett material som har stora fordelar jSmfort med tidigare 
kanda. 

35 Darvid minskar beroendet av den begransning det innebar att i fibertill- 

verkningsprocessen kompromissa mellan egenskapema hSUfasthet och styvhet. 

Fibems hallfasthet kan i stailet optimeras fiiUt ut. 

Samtidigt ges mqjlighet att vaija fibrer till det fibertyg som skall bindas 

utifran andra kriterier an den begransning som entanglingsprocessen innebar. I 
40 manga fall ar det en fordel med styva fibrer i det fardigbundna fibertyget beroende 

pa vad materialet skall anvandas till. 
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5 Fibrer som redan Sr relativt val anpassade for hydroentangling kan opti- 

meras ytterligare, vilket innebar forbattrade materialegenskaper och/eller lagre 
energifbrbrukning i processen. 

Enligt uppfinningen astadkommes ett forfarande for hydroentangling av 
polymerfibrer for framstallning av ett fibertyg. Polymerfibem ges, vid hydroen- 
10 tanglingsogonblicket, en temperatur som ar lika med eller overstiger glasomvand- 
lingstemperaturen for polymerfibem samt understiger smalttemperaturen for 
polymerfibem. 

Enligt uppfinningen astadkommes vidare ett hydroentanglat fibertyg 
innefattande polymerfibrer, varvid polymerfibrema i fibertyget har en E-modul > 
15 50cN/tex. 

Vidare astadkommes enligt uppfinningen ett hydroentanglat polymerfiber- 
tyg med en bulkmassa av > 8 cm Vg. 

Ytterligare utforingsformer framgar av de medfoljande underkraven. 

20 DETALJERAD BESKRIVNING AV UPPFINNINGEN 

Enligt uppfinningen varmes polymerfibem sa att den vid entanglings- 
ogonblicket nar en temperatur over polymerfibems glasomvandlingstemperatur 
(Tg). Vid denna temperatur okar rorligheten i molekylema i sidan grad att styvheten 
paverkas dramatiskt och en sankning av elasticitetsmodulen eller E-modulen upp till 

25 flera 10-potenser kan erhallas. 

Syntetiska polymerers mekaniska egenskaper forandras dramatiskt vid 
polymerens glasomvandlingstemperatur. Genom att momentant varma den onskade 
fibem till glasomvandlingstemperaturen eller strax darover vid hydroentanglingen 
sanks fibems bqjstyvhet och intrasslingsgraden eller entanglingsgraden i fibertyget 

30 okas. 

Manga olika typer och blandningar av polymerfibrer kan utnyttjas. Speciellt 
fbredraget ar, enligt uppfiimingen, ett fibertyg som belt eller delvis innefattar syn- 
tetiska polymerfibrer, eller blandningar eller sampolymerer av syntetiska 
polymerfibrer. Beroende framfbrallt pa andamSlet med fibertyget valjs typ av fiber 

35 och inblandningsgraden av naturfibrer. Ju mer andel syntetisk polymer som far inga 
i fibertyget, desto storre ar mqjlighetema. 

Exempel pa fibrer som kan anvandas i materialet enligt foreliggande upp- 
finning Sr syntetiska stapelfibrer, syntetiska kontinuerliga fibrer, stapelfibrer av 
regenererad cellulosa, naturfibrer sasom vaxtfibrer, massafibrer eller blandningar av 

40 dessa. Exempel pk konmiersiellt tillgangliga fibrer av regenererad cellulosa ar 
rayon, viskos och lyocell. Exempel pa syntetiska fibrer ar fibrer av polyester, 
polylaktid, polyamid, polypropen, polybutylentereflalat (PBT), polyeten (PE), 
polyetylentereftalat (PET) och sampolymerer darav, sasom polyesteramider. 
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5 Bikomponentfibrer, dvs. fibrer med en kama av en fSrsta polymer, t.ex. PET och ett 
holje av en andra polymer,t,ex. PE kan anvandas. De syntetiska polymerfibrema kan 
innefatta dels polymerfibrer tillverkade av naturfibrer dels polymerfibrer tillverkade 
av syntetiska fibrer. Aven kontinuerliga filament, som t. ex. meltblown och spim 
bond fibrer kan anvandas och vidare kan profilerade s.k. kapillarfibrer utnyttjas. 

10 Dessa profilerade fibrer ar ofta mycket styva och normalt svara att hantera, men kan 
entanglas med hjalp av fbreliggande fbrfarande. Aven blandningar av dessa olika 
fibrer kan utnyttjas. En typisk blandning ar 40-50 % langa, syntetiska fibrer och 
resten cellulosa, men alia blandningar ar tillampningsbara. Massafibrema kan vara 
av kemisk, mekanisk, termomekanisk, kemimekanisk eller kemitermomekanisk 

15 massa (CTMP). Inblandning av mekaniska, termomekaniska, kemimekaniska eller 
kemitermomekaniska massafibrer ger ett material med hogre bulk och forbattrad 
absorption och mjukhet, vilket beskrivs i SE 9500585-6. 

Enligt uppfinningen utnyttjas fi-amforallt termoplastiska, syntetiska 
polymerer och daribland speciellt semi-kristallina polymerer. Aven amorfa 

20 polymerer kan utnyttjas. 

Uppvarmningen av polymerfibem i hydroentanglingsogonblicket kan goras 
pa mangahanda satt. Ett satt att astadkomma en momentan temperaturh5jning i 
processen ar att varma entanglingsvattnet till en temperatur sa att fibem, i sjalva 
hydroentanglingsogonblicket, nar en temperatur over Tg. Lampligen utnyttjas detta 

25 fbrfarande da polymerens Tg ligger under 100 °C. Detta fbrfarande kan aven 

anvandas vid Tg-temperaturer over 100 °C, men kraver da speciell utrustning fbr att 
t.ex. astadkomma overhettad anga. 

Ytterligare satt att varma fibem pa kan vara genom IR-varmning, t.ex. 
genom IR-bestralning av fiberbanan, altemativt entanglingsvattnet. 

30 Vidare kan annan stralningsuppvarmning utnyttjas samt uppvarmning med 

mikrovagor. En ytterligare mojlighet ar att utnyttja metallviror. Forslagsvis an- 
vandes en kopparvira, som varmes upp med hjalp av varmluft, varmt vatten eller 
annan medium eller en kombination av dessa. 

Hydroentanglingen kan goras med utgangspunkt frkn antingen en torrlagd 

35 eller en vatlagd fiberbana. Vid torrformning luftlagges torra fibrer pa en vira, 

varefler fiberbanan utsatts fbr hydroentangling. Vid v^tlaggning framstalles en vkt- 
eller skumformad fiberbana genom att fibrema dispergeras i vStska altemativt i en 
uppskummad vatska inneh^Uande en skumbildande tensid och vatten. Ett exempel 
pSi ett l^pligt s&dant skumformningsfbrfarande finns i SE 9402470-0, Fiberdis- 

40 persionen awattnas pa en vira och hydroentanglas darefter. Hydroentanglingen kan 
ske med konventionell utrustning, 

Hydroentanglingen av en vat- eller skumformad fiberbana kan antingen 
ske in-line, dvs. i direkt anslutning till att fiberbanan awattnats pa viran, eller pa ett 
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5 vStformat ark som torkats och rullats upp efter formningen. Flera s&dana ark kan 
lamineras samman genom hydroentangling. Det ar aven mdjligt att kombinera 
torrformning med vdt- eller skumformning, pa ett sadant sStt att en luftlagd bana av 
t. ex. syntetfibrer entanglas samman med ett vSt- eller skumforaiat pappersark av 
massafibrer. 

10 Efter hydroentanglingen pressas och torkas materialet samt rullas upp. Det 

fardiga materialet kan sedan konverteras pa kant satt till lampligt format och 
forpackas. 

Enligt en utfbringsform av foreliggande fbrfarande bildas en fiberdispersion 
av den eller de onskade polymerfibrema, Fiberdispersionen bildas pa en roterande 

15 barare, t. ex. en vira och nar dispersionen val har bildats utsatts den for en hydro- 
entangling genom vattenstralar som slar mot lagret av fiberdispersionen och pa sa 
satt entanglar eller trasslar ihop fibrema. Atminstone i sjalva hydroentanglingsogon- 
blicket ges sedan polymerfibem en temperatur som overstiger Tg for polymerfibem, 
men samtidigt understiger dess smaltpunkt. Detta kan ske genom att det vatten som 

20 utnyttjas for att astadkomma hydroentanglingen, atminstone under sjalva hydroen- 
tanglingen, Sr uppvarmt till en temperatur over Tg for polymerfibem enligt nagot av 
ovan angivna satt. Exempel pa energinivaer som utnyttjas ar 300 - 600 kWh/ton 
med ett vattentryck av 80 -120 bar. 

Foretradesvis utnyttjas fbreliggande fbrfarande for polymerfibrer med ett Tg 

25 > 20 ^C, speciellt 20- 100 °C, lampligen 50- 100 °C och mera speciellt 50-70 °C. 
Tg ligger foaretradesvis under 150 ""C. En speciellt foredragen polymerfiber ar 
polylaktid (PLA) som har ett Tg av 50-70 ^C. 

Rapporterad glasomvandlingstemperatur for en polymer kan variera mycket 
dels beroende pa att glasomvandlingen sker over ett temperatur interval 1 och inte vid 

30 en viss temperatur, dels beroende pa vilken metod som anvandes for att bestamma 
glasomvandlingstemperaturen. 

En metod som ar anvandbar enligt fbreliggande uppfinning fbr att be- 
stamma glasomvandlingstemperaturen ar DSC (Differential Scanning Calorimetry), 
som mater forandringen i entalpi som funktion av temperatur. Vid glasomvand- 

35 lingstemperaturen gor entalpi-temperaturkurvan ett sprang och vardet vid detta 
sprang ger glasomvandlingstemperaturen. 

En annan metod som anses mera kanslig ar DMA (Dynamic Mechanical 
Analysis). I denna metod uppmates lagringsmodul, forlustmodul, samt tan6 vid en 
frekvens (normalt IHz) som funktion av temperaturen. Vid glasomvandlings- 

40 temperaturen andras lagringsmodulen fbr en amorf polymer med flera tiopotenser 
emedan fbrlustmodulen och tan5 gar igenom ett maxima. Med denna metod ar det 
ocks^ mojligt att bilda sig en uppfattning om hur mycket modulen andras vid 
glasomvandlingstemperaturen. De fiesta polymerers glasomvandlingstemperaturer 
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5 films angivna i bl. a fbr fackmaimen valkanda handbocker. Tg kan enligt upp- 
finningen tas fram ur "Polymer Handbook", forfattare J. Brandrup och E.H. 
Immergut, forlag "Interscience publishers". Tg kan ocksa tas fram med hjalp av 
nagon av metodema DSC eller DMA. 

Forfarandet enligt uppfinningen ar speciellt lampat for fibrer med hog 

10 bojstyvhet. Hog bojstyvhet kan uppnas antingen genom ett hogt E-modulvarde eller 
en grov fibertjocklek. Detta innebar saledes att speciellt lampade polymerfibrer ar 
antingen sadana med hogt E-modulvarde eller polymerfibrer med mycket grova 
fibrer. T. ex. en tunn fiber med hogt E-modulvarde eller en tjock fiber med mera 
mattligt eller lagt E-modulvarde. Altemativt kan aven sadana dar bade E-modul- 

15 varde och tjocklek ar hoga utnyttjas. E-modulvardet for en polymerfiber uttryckes i 
cN/tex. 

Matning av E-modulvardet for en fiber kan t.ex. goras genom matning av 
den initiala lutningen i ett spannings-tojningsdiagram fran en dragprovningstest; 
utfbrt enligt svensk standard SS-EN ISO 5079. Ett exempel pa utrustning som kan 

20 utnyttjas for att mata E-modulen enligt fbreliggande uppfinning ar en Lenzig 
Vibrodyn. Med hjalp av DMA ar det aven mojiigt att fa en uppfattning om hur 
mycket modulen andras vid glasomvandlingstemperaturen. E-modulvardet for 
polymerfibem ar, enligt foreliggande uppfinning, E-modulvardet for fibem vid 
rumstemperatur (se SS-EN ISO 5079). 

25 Fibrer av alia tjocklekar kan utnyttjas, dvs. saval mikrofibrer, normaltjocka 

kring 1-2 dtex, som tjocka kring 6-7 dtex. Enligt en speciell utforingsform kan 
mycket grova fibrer entanglas till ett fibertyg med hog bulk. 

Enligt uppfinningen astadkommes ocksa nya material, dvs. nya fibertyger 
som framstallts genom hydroentangling. 

30 Lampligen har polymerfibem ett E-modulvarde av > 20 cN/tex, speciellt 

>50 cN/tex och annu hellre >100 cN/tex. Speciellt kan fibertyger av polymerer med 
valdigt hoga E-modulvarden som 100-2000 cN/tex, speciellt 500-1500 cN/tex, mera 
speciellt 200-750 cN/tex och annu mera speciellt 250-600 cN/tex astadkommas. 

Enligt en utforingsform kan forfarandet enligt uppfinningen utnyttjas for 

35 framtalliiingen av mycket starka fibertyg av fibrer med mycket hoga E-modul- 
varden, t.ex. aromatiska polyamider och aromatiska polyestrar. 

Ytterligare av speciellt intresse ar att enligt uppfinningen tillverka fibertyger 
med hog bulkmassa. Med hjalp av forfarandet kan fibertyger med mycket tjocka 
fibrer, t. ex. 6-7 dtex, tillverkas, vilket kan ge ett fibertyg med mycket hog 

40 bulkmassa. 

Med grova fibrer avses generellt fibrer > 5 dtex och med hjalp av s&dana 
fibrer kan ett material med mycket hog bulk > 8 cm^/g astadkommas enligt fore- 
liggande uppfinning. Bulk uttryckes som tjocklek/ytvikt pa materialet (cmVg). 
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5 Enligt fbreliggande uppfinning &stadkommes t. ex. fibertyger med en bulk 

av 5-15 cm /g, speciellt 8-15 cm /g och mera speciellt 10-15 cm /g. 

Exempel pa ett fibertyg framstSllt med hjalp av foreliggande uppfimiing iir 
ett fibertyg med en mycket hog bulk av 10-15 cm'^/g, en produkt som bar mycket 
goda aterQadringsegenskaper. HSrvid anvandes fibrer med en dimension av 25-50 

10 |Lim. Sadana fibrer ar p.g.a. sin styvhet mycket svara att entangla pa annat satt. Ett 
sadant material ar speciellt anvandbart som spridningskikt i blqjor, men kan an- 
vandas inom manga andra omraden dar hog bulk och goda aterfjadringsegenskaper 
ar onskade egenskaper, t.ex. som torkduk. 

Speciellt foredraget ar att kunna fi*amstalla material av semi-kristallina 

15 polymerer, med fibrer av tjock diameter och /eller hogt E-modulvarde. 

Det fibertyg som framstalles kan, genom det mindre beroendet av fibems 
styvhet, ge ett fibertyg som till huvudsakligen 100 % bestar av polymerfibem eller 
fiberblandningen. Dvs. en fiber som inte behover tillforas mjukgorare eller andra 
tillsatser som annars skuUe kravas for att hantera t. ex. en styv fiber. 

20 Foreliggande forfarande for framstallning av fibertyg innebar sMedes ett sStt 

som ar mindre beroende an tidigare satt av fibems boj styvhet och ger, som framgar 
ovan, olika mojligheter att utnyttja den lediga potential som skapas. Nya material 
med nya egenskaper kan fi-amstallas. T. ex. kan en fiber strackas optimalt innan 
hydroentanglingen sa att den sa styv som mojligt och entanglas. Exempel p& 

25 lampliga sSdana fibrer Sr polyesterfibrer och polypropylenfibrer. Genom strackning 
kan en fibers brottstyrka okas for att ge fibem och det darav framstallda fibertyget 
nya egenskaper och med hjalp av foreliggande forfarande kan en sadan fiber 
hydroentanglas. En pa sa satt forbehandlad fiber ar ofla inte mojlig att hydro- 
entangla med dagens kanda metoder. 

30 Inneborden av uppfinningen ar att fibrer med hogre styvhet och/eller hogre 

grovlek an vad som normalt anvandes vid hydroentangling kan entanglas till hog 
entanglingsgrad vid rimliga energinivaer. Altemativt kan fibrer med, for hydro- 
entangling, normal styvhet och grovlek entanglas vid lagre energiniva eller till en 
hogre entanglingsgrad. 

35 Forfarandet innebar att fibertyg innehSllande mycket grova fibrer med 

latthet later sig entanglas och darvid astadkonmies ett material med hog bulk och 
goda aterfjadringsegenskaper. 

En ytterligare fBrdel ar att material till en lagre kostnad kan tillverkas, da 
tillverkningskostnaden fbr syntetiska fibrer ar dimensionsrelaterad och sjunker med 

40 okad fibergrovlek. 

Annu en fordel ar att fibrer med mycket hfig styrka kan entanglas till ett 
fibertyg med mycket goda mekaniska egenskaper, firamforallt hog vatstyrka, utan att 



9 



PCT/SEOO/01670 
31-08-2000 



5 dessa fibrers samtidigt hoga bqjstyvhet paverkar entanglingsgraden eller energiin- 
satsen i negativ bemarkelse. 

Sammanfattningsvis kan sagas att foreliggande uppfinning skapar en poten- 
tial, inte bara genom att vidga antalet aktuella fiberslag avseende polymer och 
dimension, utan dessutom genom mojligheten att optimera de ingaende fiber- 

10 komponentema utifran andra kriterier an att begransa fibems bojstyvhet. 

Denna potential kan utnyttjas till forbattrade materialegenskaper (okad bulk, 
aterfjadring, dragstyrka m,m.) eller sankta kostnader i form av lagre energi- 
fbrbrukning eller lagre kostnader for ingaende komponenter. 

Som namnts tidigare kan fibertyget omfatta olika blandningar av fibrer, 

15 daribland blandningar med icke-syntetiska fibrer. Ju storre andel syntetiska 
polymerfibrer som far inga , desto storre mOjlighet finns att utnyttja den fria 
potential som uppnas. Fibertyget far naturligtvis ocksd vaidigt olika egenskaper 
beroende pk inblandningsgrad och typ av fiber. Sammantaget skapas genom 
foreliggande uppfinning stora mOjligheter till optimering samt nya material. 

20 Fibertyget framstallt enligt foreliggande uppfinning kan anvandas bl. a. 

som avtorkningsmaterial for hushallsbruk eller for industriellt bruk, s&som for 
storfbrbrukare som verkstader, industrier, sjukhus och andra offentliga inrattningar. 
Det ar aven anvandbart som engangsmaterial inom sjukvard, t. ex. som operations- 
rockar, lakan och liknande, Vidare kan det anvandas for hygienbruk, t. ex. som 

25 komponent i absorptionsprodukter som bindor, trosskydd, blojor, inkontinens- 

produkter, sangunderlagg, sarforband, kompresser och liknande. I synnerhet galler 
delta fibertyg framstallda enligt foreliggande uppfinning med hog vatstyrka. 
Fibertyg med hog bulkmassa ar speciellt fordelaktiga att anvandas som t.ex. 
spridningskikt i blojor, men aven som avtorkningsmaterial for hushallsbruk, 

30 Av exempel 1, nedan, framgar att tensidstyrkan for fibem (PLA-fibem) har 

okats 20-25 % genom att Tg-temperaturen har overskridits vid hydroentanglingen. 
Detta ger saledes en potential av 20-25 % som kan utnyttjas pa olika satt. Sasom 
framgar av exempel 1 kan ett starkare material erhallas, men potentialen kan ocksa 
utnyttjas for att ge en energibesparing och darmed en kostnadsbesparing. 

35 

EXEMPEL 1 

En skumformad fiberdispersion bestaende av 60 % massafiber av kemisk 
sulfatmassa samt 40 % termoplastisk syntetfiber (1,7 dtex, 19 mm) bildades pa en 
roterande vira. Fiberdispersionen hydroentanglades fran en sida vid en energiinsats 
40 av 300kWh/ton. 

ForsQket omfattar 3 olika varianter (fbrsok 1, 2 och 3) av polylaktidfiber 
(PLA, med Tg = 50-70 ^C), samt polyamid 6 (PA, med Tg = 50 °C; fdrsok 5) som 
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termoplastisk syntetfiber. Vid varje f5rs6k utfbrdes hydroentanglingen dels med 
rumstempererat vatten (20 *'C), dels med vatten som varmts till 75 °C. 

Som jamfbrelse gjordes ett fSrsSk (fbrsSk 4) enligt samma utfbrande med 
en fiber av polyetylentereftalat (Tg = 85 "C). 

Dragstyrkan i torrt och vStt tillstand (vatten- och tensidlSsning) liksom 
tojning, ytvikt, bulk, etc. mattes och vardena redovisas i tabell 1 nedan. 

Tg uppmattes med hjaip av en Perkin Elmer DSC 7 och matningen 
utfbrdes fran rumstemperatur till 50 °C over smaltpunkten. 

E-modulvardena erholls pa fSljande vis. Dragprovning gjordes pk en 
Lenzig Vibrodyn med draghastigheten 50 mm/min och inspSnningslangden 10 mm. 
En vikt pa 100 mg anvandes for att fbrspanna fibem. E-modulen berSknades 
manuellt genom att tangenten till dragprovningskurvoma i det linjara omradet 
ritades in. De i tabellen angivna vardena Sr E-modulvardena vid rumstemperatur. 
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I torrt tillstand har fibrema en relativt hog friktion gentemot varandra och 
torrstyrkan i fibertyget beror i hog grad av de individuella fibremas mekaniska egen- 
skaper som hSllfasthet, tojning och E-moduL 

Som framgar av tabell 1 paverkas styrkan i torrt tillstand i stort satt inte alls 
5 eller relativt lite, vilket indikerar att fibrema aterfatt sina ursprungliga mekaniska 
egenskaper efter den momentana varmebehandling de utsatts for. 

Da dragprov utfores i vatten kommer fibrema att glida lattare mot varandra 
varvid graden av mekanisk bindning (intrassling) Qkar nagot i betydelse for 
fibertygets mekaniska egenskaper. Tabell 1 visar att for samtliga prover ar 
10 dragindex nagot hogre for de material som ar hydroentanglade med varmt vatten. 

Vid dragprovning i tensidlosning upphavs i stort sett friktionen mellan 
fibrema, vilket gor att graden av intrassling kommer att dominera som paverkande 
faktor for fibertygets mekaniska egenskaper. Som framgar av tabell 1 ser vi har en 
tydlig okning av mellan 20 och 25 % av dragindex for PLA och over 50 % for PA 
15 da materialet hydroentanglats i varmt vatten. 

Vardena pa stjrvhetsindex som i stort sett ar ofBrSndrade (vissa har okat 
nagot, vissa har sjunkit nagot) visar att bindningstypen ar oforandrad. Om det vore 
sa att okningen i tensidstyrka beror pa att fibrema blivit termiskt bundna till 
varandra vid varmebehandlingen skulle detta aven ha visat sig i en dramatisk okning 
20 av styvhetsindex. For att uppna en termisk bindning med polylaktid kravs dock 
betydligt hogre temperaturer. 

Vad som astadkommits ar saledes ett fibertyg dar fibrema har sina ur- 
sprungliga mekaniska varden, men dar strakturen har andrats pa sa satt att fibrema 
natt en hogre grad av intrassling. 
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PATENTKRAV 



1 . Forfarande fbr hydroentangling av polymerfibrer for 
framstailning av ett fibertyg, kannetecknat av att polymerfibem, i 

5 hydroentanglingsogonblicket, ges en temperatur som ar lika med eller overstiger 
glasomvandlingstemperaturen (Tg) for polymerfibem samt understiger 
smalttemperaturen for polymerfibem. 

2. Forfarande enligt krav 1, kannetecknat av att polymerfibem 
har en E-modul > 50 cN/tex, vid mmstemperatur. 

10 3 . Forfarande enligt krav 1 , kannetecknat av att polymerfibem 

har en E-moduI > 100 cN/tex, vid mmstemperatur. 

4. Forfarande enligt krav 3, kannetecknat av att polymerfibem 

har en E-modul av 100 - 2000 cN/tex, speciellt 500-1500 cN/tex, mera specielh 

200-750 cN/tex och annu mera speciellt 250-600 cN/tex, vid mmstemperatur. 
15 5 . Forfarande enligt nagot av kraven 1 -4, kSnnetecknat av att 

temperaturen ^stadkommes med hjalp av varmt eller Sverhettat vatten. 

6. Forfarande enligt nSgot av kraven 1-4, kannetecknat av att 
temperaturen astadkommes med hjalp av IR-varme. 

7. Forfarande enligt nagot av kraven 1-4, kannetecknat av att 
20 temperaturen astadkommes med hjalp av mikrovagor. 

8. Forfarande enligt ndgot av kraven 1-7, kannetecknat av att 
polymerfibem har en glasomvandlingstemperatur (Tg) av > 20 °C. 

9. Forfarande enligt nagot av kraven 8, kannetecknat av att 
polymerfibem har en glasomvandlingstemperatur (Tg) av 20-100 °C, speciellt 50- 

25 70 °C. 

10. Forfarande enligt nagot av kraven 1-9, kannetecknat av att den 
i polymerfibrema ingaende polymeren innefattar polyester, polylaktid, polyamid 
eller polypropen, eller sampolymerer eller blandningar darav. 

1 1 . Hydroentanglat fibertyg innefattande polymerfibrer, 

30 kannetecknat av att polymerfibrema i fibertyget har en E-modul > 50 cN/tex, vid 
mmstemperatur, 

12. Fibertyg enligt krav 10, kannetecknat av att polymerfibrema i 
fibertyget har en E-modul av 100-2000 cN/tex, speciellt 500-1500 cN/tex, mera 
speciellt 200-750 cN/tex och annu mera speciellt 250-600 cN/tex, vid 

35 mmstemperatur. 

13. Fibertyg enligt nagot av kraven 10-11, kannetecknat av att 
polymerfibrema i fibertyget har en glasomvandlingstemperatur (Tg) av > 20 °C. 

14. Fibertyg enligt krav 12, kannetecknat av att polymerfibrema i 
fibertyget har en glasomvandlingstemperatur (Tg) av 20-100 ^C, speciellt 50-70 °C. 
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1 5 . Fibertyg enligt ndgot av kraven 10-13, kSnnetecknat av att 
fibertyget bar en bulkmassa av > 8 cmVg. 

16. Fibertyg enligt krav 14, kannetecknat av att fibertyget bar en 
bulkmassa av 8 - 15 cmVg, speciellt 10-15 cmVg. 

5 17. Fibertyg enligt nSgot av kraven 10-15, kannetecknat av att den 

i polymerfibrema ingaende polymeren innefattar polyester, polylaktid, polyamid 
eller polypropen, eller sampolymerer eller blandningar dSrav. 
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SAMMANDRAG 



Uppfinningen avser ett forfarande for bindning av polymerfibrer till ett 
fibertyg samt fibertyg framstaild med hjalp darav. Enligt uppfinningen utsatts 
polymerfibrema for en hydroentangling, varvid polymerfibrema i 
5 hydroentanglingsogonblicket ges en temperatur som overstiger polymerfibems 
glasomvandlingstemperatur, men understiger dess smalttemperatur. 
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FIBER BONDING 

5 Technical field 

The invention relates to a method for bonding polymer fibers into a nonwoven fab- 
ric and a nonwoven fabric manufactured with the aid thereof 

10 According to the invention the polymer fibers are subjected to hydroentangling, the 
fibers at the moment of hydroentangling being imparted a temperature exceeding the 
glass transition temperature of the polymer fiber and being less than the melting 
point of the polymer fiber. 

15 Background of the invention 

The manufacture of cloth and fabrics is very old art. In addition to the wellknown 
methods of weaving, knitting and crocheting, there are now a number of methods 
for the manufacture of nonwoven materials. Such materials can be made of both 
synthetic fibers and natural fibers. A number of methods utilize heat to melt the 

20 fibers together, so-called thermobonding. 

There are also other bonding methods, such as stitch-bonding and hydroentangling 
or spun-lacing. Hydroentangling or spun-lacing is a technology which was intro- 
duced in the nineteen seventies. The method involves the forming of a fiber web, 
25 either dry-laid or wet-laid, whereafter the fibers are entangled together with the aid 
of very fine jets of water under high pressure. Several rows of water jets are directed 
towards the fiber web, which is carried by a moving wire or drum. Finally, the en- 
tangled fiber web is dried. 

30 In hydroentangled materials many different types and mixtures of fibers are used, 

such as for example synthetic staple fibers, synthetic continuous fibers, staple fibers 
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of regenerated cellulose and pulp fibers. Examples of commercially available fibers 
of regenerated cellulose are rayon, viscose fibers and lyocell. 

Hydroentangling is a method of bonding fibers without using bonding agents or 
5 bonding fibers, Hydroentangled material or spun-lace material of high quality can be 
made at reasonable cost, and has a high absorption capacit>% good mechanical prop- 
erties and a high textile comfort. They were used as wiping materials for house-hold 
or industrial use, as disposable materials in medical contexts and for hygiene etc. 

10 In order to form a composite web by hydroentangling, the fibers to be entangled 
must have the right properties for this purpose. 

One of several critical factors is the flexural rigidity of the fiber = E x L where E is 
the initial modulus of the fiber or the modulus of elasticity, and I is the moment of 
15 inertia. The moment of inertia is a sectional quantity (I = %<f/64 for a circular cross 
section) which is dependent on the diameter of the fiber. The initial modulus is thus 
a material parameter, which is temperature-dependent. 

A stiff fiber is more difficult to entangle and requires more specific energy 
20 (kWh/ton) to be bonded than a soft fiber, and this in turn limits the range of fibers 
which are technically and commercially of interest for use in this technology. 

Fibers made of thermoplastic polymers, such as e.g. polypropylene, polyester, poly- 
amide commonly occur in hydroentangling. 



25 



The properties of thermoplastic and other synthetic fibers are dependent on the 
properties of the component of polymer or polymers and the type of process used. 
Often the properties of the polymer cannot be fiiUy utilized. Rather, a compromise 
must be made due to the technical constraints of the process. 
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It is typically ver>' difficult to manufacture a fiber which is both very strong and at 
the same time has a low initial modulus. The strength of the fiber is largely deter- 
mined by the orientation, imodulus follow the same tendency, i.e. a high fiber 
strength is accompanied by a high initial modulus. 

5 

CA 841 938 describes the manufacture of a nonwoven fabric by hydroentangling, 
whereby water under high pressure is pressed through a perforated carrier against 
a sheet of a fiber suspension, to give rise to entangling of the fibers. 

10 WO 95/06769 describes a method and an apparatus for achieving a melt bond and 
possibly entangling of fibers in a fiber fabric, e.g. a nonwoven fabric. In this case, 
a steam jet or a jet of superheated steam is used to both melt and entangle the fibers. 
If one uses jets such as are normally used in hydroentangling, they must be suffici- 
ently hot to melt a meltable component incorporated in the fiber web, WO95/06769 

15 thus describes a process whereby a certain amount of melting of the meltable com- 
ponent is always achieved. This meltable component can either be the fibers them- 
selves or an added meltable component in the form of a powder or granulate. No 
process for pure hydroentangling is described. 

20 US 3 322 584 describes a melt-bonding process for bonding together two plastic 

webs. The method described can also be used to bond together two layers of plastic 
fibers, but this also refers to a melt bond, the temperature used being sufficiently 
high to melt the fibers. 

25 US 5 069 735 describes a method of edge-melting adjacent sheets or fabrics to solve 
the problem that these sheets normally flock and are unsuitable for use in operations 
for example. 
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4 

US 3 192 560 describes a method for controlled melt-bonding of fiber threads with a 
suitable medium, e.g. steam or superheated steam, the temperature being kept about 
or slightly under the melting point of the fiber threads. 

5 One problem with hydroentangling is that the fiber components used must have a 

flexural rigidit}' such that the fibers can be entangled using reasonable energy levels. 
This means a limitation as regards the types of fibers used and means that thin fibers 
or fibers with a low initial modulus must be used, even if the fibers per se are not 
optimal for the formation of the fibrous web or for the functional properties of the 
1 0 finished material . 

One purpose of the present invention is to achieve a process for manufacturing a 
nonwoven fabric by hydroentangling, where the flexural rigidit>^ of the fiber com- 
ponents used does not limit the degree of entangling as much as previously. 

15 

An additional purpose of the present invention is to achieve a process making it pos- 
sible to manufacture nonwoven fabrics having coarser fibers, consuming less energy 
or being stronger than what is possible'with today's methods. 

20 Another additional purpose of the present invention is to provide a nonwoven fabric 
with special properties, such as good mechanical properties, high bulk, etc. 

Summary of the invention 

We have now found that by raising the temperature at the very moment of entang- 
25 ling it is possible to reduce the flexural rigidity of the fibers and achieve a higher 
degree of entangling. 

We have also found that it is only at the moment of entanglement that a too high 
initial modulus is of disadvantage. By reducing the initial modulus only during the 
30 entangling itself, and thereafter allowing the initial modulus to return to the original 
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level, a method and a material are provided having great advantages over those pre- 
viously known. 

There is less need to compromise in the fiber manufacturing process between the 
5 properties strength and rigidit>\ The strength of the fiber can instead be fully opti- 
mized. 

At the same time it is possible to select fibers for the fabric to be bonded, based on 
other criteria than the limitations placed by the entangling process. In many cases it 
10 is an advantage to have stiff fibers in the finished fabric, depending on to what use 
the material is to be put. 

Fibers already well adapted to hydroentangling can be further optimized, providing 
improved material properties and/or lower energy consumption in the process. 

15 

According to the invention, a process is achieved for hydroentangling of polymer 
fibers for producing a nonwoven fabric. The polymer fiber is imparted at the 
moment of hydroentangling, a temperature which is equal to or exceeds the glass 
transition temperature for the polymer fiber and is below the melting point for the 
20 polymer fiber. 

According to the invention, there is further achieved a hydroentangled fabric com- 
prising polymer fibers, the polymer fibers in the fabric having an initial modulus > 
50 

25 cN/tex . 

Furthermore, according to the invention a hydroentangled polymer fiber fabric is 
obtained with a bulk specific volume of > 8 cm Vg. 



30 



Additional embodiments are disclosed in the accompanying subclaims. 
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Detailed description of the invention 

According to the invention the polymer fiber is heated so that at the moment of 
entanglement it reaches a temperature above the glass transition temperature (Tg) of 
5 the polymer fiber. At this temperature the mobility in the molecules increases to 

such a degree that the stiffness is dramatically affected and a reduction in the modu- 
lus of elasticity or initial modulus by up to several powers of 10 can be obtained. 

The mechanical properties of synthetic polymers are changed dramatically at the 
10 glass transition temperature of the polymer. By momentarily heating the desired 
fiber to the glass transition temperature or slightly thereabove at hydroentangling, 
the flexural rigidity and the degree of entangling in the fiber fabric are increased. 

Many different types and mixtures of polymer fibers can be used. Of particular pre- 
15 ference according to the invention is a nonwoven fabric which completely or parti- 
ally comprises synthetic polymer fibers, or mixtures or copolymers of such polymer 
fibers. Based primarily on the purpose of the nonwoven fabric, the type of fiber and 
the percentage of natural fiber are selected. The greater the percentage of synthetic 
polymers included in the nonwoven fabric, the greater are the possibilities. 

20 

Examples of fibers which can be used in the material according to the present inven- 
tion are synthetic staple fibers, synthetic continuous fibers, staple fibers of regenera- 
ted cellulose, natural fibers such as plant fibers, pulp fibers or mixtures thereof Ex- 
amples of commercially available fibers of regenerated cellulose are rayon, viscose 

25 and lyocell. Examples of synthetic fibers are fibers of polyester, poly lactic acid , 
polyamide, polypropylene, polybutylene terephthalat (PBT), polyethylene (PE), 
polyethylene terephthalat (PET) and copolymers thereof, such as polyesteramides. 
Bicomponent fibers, i.e. fibers having a core of a first polymer, e.g. PET, and a 
casing of a second polymer, e.g. PE, may be used. The synthetic polymer fibers can 

30 comprise both polymer fibers made of natural fibers and polymer fibers made of 
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synthetic fibers. Even continuous filaments, such as meh-blown and spun-bond fi- 
bers can be used as well as profiled so-called capillary fibers. These profiled fibers 
are often very stiff and nor-mally difficult to handle, but can be entangled with the 
aid of the present invention. Even mixtures of these different fibers can be used. A 
5 typical mixture is 40-50% long, synthetic fibers and the rest pulp, but all mixtures 
are applicable. The pulp 

fibers can be of chemical, mechanical, thermomechanical, chemomechanical or 
chemothermomechanical pulp (CTMP). Mixing in of mechanical, thermomechani- 
cal, chemomechanical or chemothermomechanical pulp fibers provides a material 
10 with higher bulk and improved absorption and sofl:ness, which is described in 
SE 9500585-6. 

According to the invention, primarily thermoplastic, synthetic polymers and in parti- 
cular semi-crystalline polymers can be used. Amorphous polymers can also be used, 

15 

The heating of the polymer fiber at the moment of hydroentangling can be done in 
many different ways. One method of achieving a momentary temperature rise in the 
process is to heat the entangling water to such a temperature that the fiber, at the 
moment of hydroentangling reaches a temperature above Tg. Suitably this process is 
20 used when the Tg of the polymer lies below 100°C. This process can also be used at 
Tg-temperatures above lOO^^C, but will then require special equipment to produce 
superheated steam. 

A further method of heating the fiber can be by IR-heating, e.g. by IR-radiation of 
25 the fiber web, or alternatively of the entangling water. 



30 



Other radiation heating can be used or microwave heating. A further possibility is to 
use metal wires, e.g. of copper, which is heated up with the aid of hot air, hot water 
or another medium or a combination thereof. 
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The hydroentangling can be done starting from either a dry-laid or a wet-laid fiber 
web. In dry-forming, the dry fibers are air-laid on a wire, whereafter the fiber web is 
subjected to hydroentangling. In wet-laying, a wet- or foam-formed web is made by 
the fibers being dispersed in liquid or in a foam liquid containing a foam-forming 
5 tenside and water. An example of a suitable foam-forming process of this type 4s de- 
scribed in SE 9402470-0. The fiber dispersion can be dewatered on a wire and 
thereafter be hydroentangled. The hydroentangling can be effected with conven- 
tional equipment. 

10 Hydroentangling of a wet- or foam-formed fiber web can be done either in-line, i.e. 
directly when the fiber web has been dewatered on the wire, or on a wet-formed 
sheet which has been dried and rolled up after forming. Several such sheets can be 
laminated together by hydroentangling. It is also possible to combine dry-forming 
with wet- or foam-forming in such a way that an air-laid web of synthetic fibers, for 

15 example, is entangled together with a wet- or foam-formed paper sheet of pulp fi- 
bers. 

After the hydroentangling, the material is pressed and dried and rolled up. The 
finished material can then be converted in a known manner to a suitable format and 
20 be packed. 

According to one embodiment of the present process, a fiber dispersion is formed of 
the desired polymer fiber(s). The fiber dispersion is formed on a rotating carrier, e.g. 
a w^ire, and when the dispersion has been formed it is subjected to hydro-entangling 
25 by water jets striking against the layer of the fiber dispersion and in this manner en- 
tangling the fibers. At the moment of hydroentangling at least, the polymer fiber is 
imparted a temperature exceeding Tg for the polymer fiber, but at the same time 
being less than its melting point. This is done by heating the water used to produce 
the hydroentangling, at least during the hydroentangling itself, to a temperature 
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above Tg for the polymer fiber by one of the above ways. Typical energy levels used 
are 300 - 600 kWh/ton with a water pressure of 80 - 120 bar. 



Preferably, the present invention is used for polymer fibers with a Tg > lO^'C, 
5 especially 20 - lOO^C, suitably 50 - lOO^C and more particularly 50 - 70°C. Tg is 
preferably below 150°C. A particularly preferred polymer fiber is polylactic acid 
(PLA), which has a Tg of 50 - 70°C. 

The reported glass transition temperature for a polymer can vary widely, on one 
10 hand due to the fact that glass transition occurs over a temperature interval and not 
at a certain temperature, and on the other hand depending on what method is used to 
determine the glass transition temperature. 

One method which is usable in the present invention to determine the glass transi- 
15 tion temperature is DSC (Differential Scanning Calorimetry), which measures the 
change in enthalpy as a function of temperature. At the glass transition temperature, 
the enthalpy-temperature curve makes it jump, and the value at this jump gives the 
glass transition temperature. 

20 Another method which is considered more sensitive is DMA (Dynamic Mechanical 
Analysis). In this method the storage modulus, the loss modulus and tanS are 
measured at a frequency (normally 1 Hz) as a function of temperature. At the glass 
transition temperature, the storage module for an amorphous polymer changes by 
several orders of ten, while the loss module and tanS go through maximums. With 

25 this method it is also possible to get an idea of how much the modulus changes at 
the glass transition temperature. The glass transition temperatures of most polymers 
are given in handbooks well-known to the person skilled in the art. For the purposes 
of the invention, Tg can be taken from "Polymer Handbook" by J. Brandrup and 
E.H. Immergut, publisher "Interscience Publishers". Tg can also be derived with the 

30 aid of one of the methods DSC or DMA. 
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The method according to the invention is particularly suited to fibers with high flex- 
ural rigidity. High flexural rigidity can be achieved either by a high initial modulus 
value or by high fiber thickness. This means that polymer fibers especially suitable 
5 are either fibers with a high initial modulus or very thick polymer fibers, for exam- 
ple a thin fiber with a high initial modulus or a thick fiber with a less pronounced or 
low initial modulus. Alternatively, fibers which are both thick and have a high initial 
modulus can be used. The initial modulus for a polymer fiber is expressed in cN/tex. 

10 Measurement of the initial modulus value for a fiber can for example be done by 
measuring the initial slope of a stress-strain diagram from a tensile test performed 
according to SS-EN ISO 5079. One example of the equipment, which can be used to 
measure the initial modulus according to the present invention, is a Lenzing Vibro- 
dyn. With the aid of DMA it is also possible to get an idea of how much the 

15 modulus changes at the glass transition temperature. The initial modulus value for 
the polymer fiber is, in accordance with the present invention, the initial modulus 
value for the fiber at room temperature (see SS-EN ISO 5079). 

Fibers of all thicknesses can be used, i.e. both microfibers, fibers of normal thick- 
20 ness about 1-2 dtex, and thick fibers about 6-7 dtex. According to a special embodi- 
ment, very thick fibers can be entangled to form a fiber fabric with high bulk. 

According to the invention, new materials are also achieved, i.e. new nonwoven fab- 
rics produced by hydroentangling. 

25 

Suitably, the polymer fiber has an initial modulus value > 20 cN/tex, especially > 50 
cN/tex and most preferably > 100 cN/tex. It is also possible to achieve nonwoven 
fabrics of polymers with very high initial modulus values, such as 100-2000 cN/tex, 
especially 500-1500 cN/tex, more particularly 200-750 cN/tex, and even more par- 
30 ticularly 250-600 cN/tex. 
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According to one embodiment, the process according to the invention can be used to 
produce very strong nonwoven fabrics of fibers with very high initial modulus val- 
ues, e.g. aromatic polyamides and aromatic polyesters. 

Of special interest is the fact that according to the invention it is possible to manu- 
facture nonwoven fabrics having a high bulk. With the aid of the present method, 
nonwoven fabrics having very thick fibers, e.g. 6-7 dtex, and which provide a non- 
woven fabric with very high bulk specific volume, can be manufactured. 

Thick fibers generally refer to fibers > 5 dtex, but with the aid of such fibers a mate- 
rial with very high bulk specific volume > 8 cm^/g can be achieved in accordance 
with the present invention. Bulk is expressed as thickness divided by surface weight 
of the material (cm^/g). 

According to the present invention there are achieved nonwoven fabrics with a bulk 
specific volume of 5-15 cmVg, especially 8-15 cmVg and more particularly 10-15 
cm^/g. 

One example of a nonwoven fabric manufactured with the aid of the present inven- 
tion is a nonwoven fabric with a very high bulk of 1 0-50 cmVg, a product, which 
has very good resilience. 25-50 jam fibers are used in this case. Such fibers, due to 
their stiffiiess, are very difficult to entangle by other methods. Such a material is 
particularly usable as a wicking layer in diapers, but it can be used in a number of 
different areas, where high bulk and good resilience are desirable properties, such as 
wipes. 

It is of particular advantage to be able to make materials of semi-crystalline poly- 
mers, with fibers of thick diameter and/or high modulus of elasticity. 
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The nonwoven fabric produced, by being less dependent on the stiffness of the 
fiber, can provide a nonwoven fabric consisting substantially 100% of the polymer 
fiber or the fiber mixture, i.e. a fiber to which no softeners or other additives need to 
be added as might be required to handle a stiff fiber, for example. 

5 

The present method for manufacturing nonwoven fabrics is thus less dependent 
than previous methods on the flexural rigidit}^ of the fiber and, as is evident from 
the above, provide various possibilities to exploit the potential created. New materi- 
als with new properties can be made. For example, a fiber can be optimally stretch- 

10 ed before hydroentangling so that it is as stiff as possible, and be entangled. Exam- 
ples of suitable fibers of this type are polyester fibers and polypropylene fibers. 
By stretching, the breaking strength of these fibers can be increased to impart new 
properties to the fiber and the nonwoven fabric produced therefrom and with the aid 
of the present method, such a fiber can be hydroentangled. A fiber pretreated in this 

15 manner is often impossible to hydroentangle by today's methods. 

The significance of the invention is that fibers having greater stiffness and/or greater 
thickness than what is normally used in hydroentangling, can be entangled to a high 
degree of entanglement at reasonable energy levels. Alternatively, fibers of normal 
20 stiffness and thickness for hydroentangling can be entangled at lower energy levels 
and/or to a higher degree of entanglement. 

The method allows nonwoven fabrics containing very thick fibers to be easily en- 
tangled and thus achieve a material of high bulk and good resilience, 

25 

An additional advantage is that material can be manufactured at lower cost since the 
manufacturing cost of synthetic fibers is dimension-related, decreasing with increas- 
ing fiber thickness. 
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An additional advantage is that fibers of very high strength can be entangled into a 
nonwoven fabric with very good mechanical properties, primarily high wet strength, 
without the high flexural rigidity of these fibers negatively affecting the degree of 
entanglement or the energy consumption. 

5 

In conclusion it can be said that the present invention creates a potential, not only by 
expanding the number of potential types of fibers as regards polymers and dimen- 
sions, but also by making it possible to optimize the fiber components used based on 
other criteria than limiting the flexural rigidity of the fiber. 

10 

This potential can be used for improved material properties (increased bulk, resili- 
ence, tensile strength, etc.) or reduced costs in the form of lower energy consump- 
tion and/or lower cost for the components used. 

15 As was mentioned previously, the nonwoven fabric can comprise various mixtures 
of fibers, including mixtures of non-synthetic fibers. The greater the percentage of 
synthetic polymer fibers included, the greater will be the possibility of using the free 
potential achieved. The nonwoven fabric will, of course, also have many different 
properties, depending on the degree of admixture and the type of fiber. On the 

20 whole, the present invention provides greater possibilities for optimizing and using 
new materials. 

The nonwoven fabric made according to the present invention C2in be used as i.a. 
wiping material for household use or for industrial use, such as major consumers in- 

25 eluding shops, industries, hospitals, etc. It can also be used for disposable hospital 
articles, e.g. operation coats, sheets and the like. It can also be used for hygienic 
purposes, e.g. as components in absorbent products such as sanitary napkins, panty 
liners, diapers, incontinence products, bed protectors, surgical dressings, compres- 
ses and the like. This is particularly true of nonwoven fabrics made according to the 

30 present invention with high wet strength. Nonwoven fabrics of high bulk specific 
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volume are particularly advantageous for use as wicking layers in diapers but also as 
wiping materials for household use. 

It is evident from Example 1 below that the tenside strength of the fiber (PLA-fiber) 
5 has increased by 20-25% by virtue of the fact that the Tg-temperature was exceeded 
at hydroentangling. This provides a potential of 20-25%, which can be used in vari- 
ous manners. As can be seen in Example 1, a stronger material can be obtained, but 
the potential can also be used to provide energy savings and thus savings in costs. 

10 EXAIVIPLE 1 

A foam-formed fiber dispersion consisting of 60% pulp fiber of chemical sulphate 
pulp and 40% thermoplastic synthetic fiber (1 .7 dtex, 19 mm) was formed on a rota- 
ting wire. The fiber dispersion was hydroentangled from one side at an ener-gy input 
of 300 kWh/ton. 



The trial encompassed 3 different variants (Trials 1, 2 and 3) of polylactic acid fiber 
(with Tg = 50-70^C) and polyamide 6 (PA, with Tg = 50 °C; trial 5) as thermoplas- 
tic synthetic fiber. At every trial, hydroentangling was performed both with water at 
room temperature (20^*0) and with water heated to TS^'C. 



As a comparison a trial (trial 4) was made according to the same method with a fiber 
of polyethylene terephthalat (Tg = 85 °C). 

The tensile strength in dry and wet states (water and tenside solutions) as well as 
25 elongation, surface weight, bulk, etc. were measured and the values are displayed in 
Table 1 below. 



15 



20 



30 



Tg was measured with the aid of a Perkin Elmer DSC 7 and the measurement was 
done from room temperature to 50°C over the melting point. 
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The values of initial modulus were obtained in the following manner. The tensile 
test was performed on a Lenzing Vibrodyn with a pulling speed of 50 mm/miin. and 
a gauge length of 10 mm. A weight of 100 mg was used to pretension the fiber. The 
initial modulus was calculated manually by drawing in the tangent to the tensile 
5 testing curves in the linear range. The values of the initial modulus given in the table 
are at room temperature. 

In the dry state, the fibers have a relatively high friction against each other and the 
dr>^ strength of the nonwoven fabric largely depends on the mechanical properties of 
10 the individual fibers, such as tenacit)/, elongation and initial modulus. 

As can be seen in Table L the strength in the dry state is hardly affected at all or to a 
lesser extent, which indicates that the fibers have reassumed their original mechani- 
cal properties after the momentary heat treatment to which they were subjected. 

15 

When tensile tests are performed in water, the fibers will slide more easily against 
each other and the degree of mechanical bonding (entangling) will assume greater 
importance for the mechanical properties of the nonwoven fabric. Table 1 shows 
that for all of the trials the tensile index was somewhat greater for those materials 
20 which have been hydroentangled with hot water. 

For tensile testing in the tenside solution, the friction between the fibers was essen- 
tially removed, and this made the degree of entanglement the dominant factor for the 
mechanical properties of the nonwoven fabric. As is evident from Table 1, there is a 
25 significant increase of between 20 and 25% for PLA and more than 50 % for PA in 
the tensile index when the material was hydroentangled in hot water. 



30 



The values of the stiffness index were essentially unchanged (certain of them have 
increased somewhat, certain have decreased somewhat) and this shows that the type 
of bonding is unchanged. If the increase in the tenside strength were dependent on 
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the fact that the fibers had been thermally bonded to each other during the heat 
treatment, this would also be revealed as a dramatic increase in the rigidity index. 
In order to achieve thermobonding of polylactic acid, significantly higher tempera- 
tures are required however. 

What has been achieved is thus a nonwoven fabric where the fibers have their original 
mechanical values, but where the structure has been changed in such a way that the 
fibers have been entangled to a higher degree. 
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Table 1 



Trial 
No. 


Poly 
-mer 
fiber 


Tem 
pera- 
ture 


Surfiace 
weight 


Thick- 
ness 
)nm 


Bulk 
spe- 
cific 
vol- 
ume 
cmV 

e 
=» 


ness 
Index 

"Wrn/p 


1 en- 
sile 
Index 
Drv 
Nm/g 


Stretch 
Index 

% 


Work to 
rupture 
index 
J/g 


Tensile 
Index 
Water 
Nm/g 


Teasile 
Index 
Teaside 
Nmyg 


Ini- 
tial 
mod- 
ulus 


I 


PLA 


20 


87.7 


474 


5.4 


114 


14 


74 


5.8 


12.1 


10 


210 




PLA 


75 


9L8 


408 


4.4 


100 


14 


57 


6 


12.3 


12.1 


210 


2 


PLA 


20 


91 


521 


5.7 


73 


14 


44 


4.3 


8.8 


7.4 






PLA 


75 


89.8 


493 


5.5 


65 


14 


47 


4.5 


9.3 


9.1 




3 


PLA 


20 


85.6 


490 


5.7 


71.1 


19.9 


52 


7.2 


13.9 


11.1 


502 




PLA 


75 


91.3 


487 


5.3 


89.7 


19.2 


56 


7.3 


15.4 


13.4 


502 


4 


PET 


20 


85,3 


499 


5.8 


51.6 


23.5 


66 


8.7 


20.3 


11.8 






PET 


75 


85.6 


476 


5.6 


55 


23.5 


62 


8.5 


20.8 


13.2 




5 


PA 


20 


90.8 


503 


5-5 


78.4 


25.6 


81.3 


11.9 


14.1 


5.6 




5 


PA 


75 


88.1 


466 


5.3 


123.4 


30.0 


75.6 


13.1 


18.1 


8.9 
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CLAIMS 



10 



15 



20 



25 



1 , Method of hydroentangling polymer fibers to manufacture a nonwoven fabric, 
characterized in that the polymer fiber, at the moment of hydroentangling, is 
imparted a temperature equal to or exceeding the glass transition temperature 
(Tg) of the polymer fiber and being less than the melting point of the polymer fi- 



2. Method according to Claim L characterized in that the polymer fiber has an 
initial modulus > 50 cN/tex, at room temperature. 

3. Method according to Claim 1, characterized in that the polymer fiber has an 
initial modulus > 100 cN/tex, at room temperature. 

4. Method according to Claim 3, characterized in that the polymer fiber has an 
initial modulus of 100 - 2000 cN/tex, especially 500 - 1500 cN/tex, more par- 
ticularly 200 - 750 cN/tex, and even more particularly 250 - 600 cN/tex, at room 
temperature. 

5. Method according to one of Claims 1 - 4, characterized in that the temperature 
is achieved with the aid of hot or superheated water. 

6. Method according to one of Claims 1 - 4, characterized in that the temperature* 
is achieved with the aid of IR-heat. 

7. Method according to one of Claims 1 - 4, characterized in that the temperature 
is achieved with the aid of microwaves. 

8. Method according to one of Claims 1 - 7, characterized in that the polymer fi- 
ber has a glass transition temperature (Tg) of > 20°C. 



ber. 
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9. Method according to one of Claims 1-8, characterized in that the polymer fi- 
ber has a glass transition temperature (Tg) of 20 - 100°C, especially 50 - 70°C. 

5 10. Method according to one of Claims 1 - 9, characterized in that the polymer in- 
cluded in the polymer fibers comprises polyester, polylactic acid , polyamide or 
polypropylene, or copolymers or mixtures thereof. 

1 1 . Hydroentangled nonwoven fabric comprising polymer fibers, characterized in 
10 that the polymer fibers in the nonwoven fabric have an initial modulus > 50 

cN/tex, at room temperature. 

12. Nonwoven fabric according to Claim 10, characterized in that the polymer 
fibers in the nonwoven fabric have an initial modulus of 100 - 2000 cN/tex, 

15 especially 500 - 1500 cN/tex, more particularly 200 - 750 cN/tex, and even more 

particularly 250 - 600 cN/tex, at room temperature. 

13. Nonwoven fabric according to one of Claims 10-11, characterized in that the 
polymer fibers in the nonwoven fabric have a glass transition temperature (Tg) of 

20 > 20°C. 

14. Nonwoven fabric according to Claim 12, characterized in that the polymer fi- 
bers in the nonwoven fabric have a glass transition temperature (Tg) of 20 - 

1 OOX, especially 50 - 70^C. 

25 

15. Nonwoven fabric according to one of Claims 10-13, characterized in that the 
nonwoven fabric has a bulk specific volume of > 8 cm^/g. 
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16. Nonwoven fabric according to Claim 14, characterized in that the nonwoven 
fabric has a bulk specific volume of 8 - 15 cmVg, especially 10-15 cm^/g. 
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17.Nonwoven fabric according to one of Claims 10-15, characterized in that the 
polymer included in the polymer fibers comprises polyester, polylactic acid , 
poly-amide or polypropylene, or copolymers or mixtures thereof. 
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